Summary Accurate patient risk perception of adverse health events promotes greater autonomy over, and motivation towards, health-related lifestyles. Introduction We compared self-perceived fracture risk and 3-year incident fracture rates in postmenopausal women with a range of morbidities in the Global Longitudinal study of Osteoporosis in Women (GLOW). Methods GLOW is an international cohort study involving 723 physician practices across ten countries (Europe, North America, Australasia); 60,393 women aged ≥55 years completed baseline questionnaires detailing medical history and 
Introduction
Non-communicable diseases have recently been highlighted as a major international health priority [1] . Ischemic heart disease, chronic obstructive pulmonary disease (COPD), and osteoarthritis are highly prevalent, and are major contributors to the global burden of non-communicable diseases [2] . Approximately one half of women and one fifth of men aged >50 years will fracture their hip, spine or forearm during their lifetime [3] . Fractures present a significant burden to society, being expensive both in terms of direct medical costs and their social sequelae. An estimated nine million osteoporosisrelated fractures occurred globally in 2000, costing around $20 billion in the USA and €30 billion in the European Union [4] . As populations age, costs are expected to escalate.
A number of common non-communicable diseases have been associated with increased fracture risk, including ischemic heart disease [5] , cerebrovascular events [6] , type 1 diabetes mellitus [7, 8] , COPD [9] , and cancer [10] . Parkinson's disease and multiple sclerosis are less prevalent conditions, but are associated with some of the highest fracture risks, conveying a similar risk as that of prior history of fracture [11, 12] .
Health education aimed at empowering patients through improving disease understanding and motivating adoption of a healthier lifestyle are key approaches to tackling disease [1] . Furthermore, increased self-awareness leads to greater healthcare engagement and treatment [13, 14] , and patient's beliefs and perceptions are associated with medication adherence [15] [16] [17] . It is therefore important to determine whether those individuals with the highest fracture risks have an appropriate appreciation of their risk since under-appreciation of fracture risk by individuals with key morbidities has important health policy and prevention implications. If certain disease groups have a better understanding of actual fracture risk, it may be possible to draw lessons from these models of care to improve awareness within those in whom fracture risk is under-appreciated. Such information is timely as analyses have previously suggested that women with increased fracture risk, determined by FRAX assessment, fail to appreciate their actual risk [18] .
Hence, we aimed to determine whether the patient's fracture risk perception agreed with prospective incident 3-year fracture rates in postmenopausal women with a range of morbidities, sampled in a large, multinational, cohort study. Our goal was to establish (1) how likely women who fractured were to have perceived themselves at high risk before they fractured, and (2) whether self-perception of fracture risk varied according to specific diseases, the implication being that patients in some disease groups might particularly benefit from targeted educational intervention.
(Australia, Belgium, Canada, France, Germany, Italy, Netherlands, Spain, UK, and USA). Clinical investigators at the sites constitute the GLOW Scientific Advisory Board with responsibility for study management. The study design and methods have previously been described [19] . In brief, typical regional practices were recruited through primary care networks. Each center obtained local ethics committee approval.
Participant sampling
Each practice listed all women aged ≥55 years who had consulted their primary care physician within the past 24 months. Random sampling was age-stratified at each practice to ensure two thirds were aged ≥65 years. Patients were excluded if they were unable to complete the study survey due to cognitive impairment, language barriers, institutionalization, or were too ill. The median response rate among the 17 study sites was 62 % (range 15-75) [19] .
Questionnaires
Self-administered questionnaires covered domains including: patient characteristics and risk factors; medical diagnoses (asked if a doctor or health provider had ever told them if they had any of the listed morbidities), healthcare use, and access; medications; physical activity; and physical and emotional health status. The validated SF-36 instrument was used to measure overall health status, physical function, and vitality [20] . Self-reported personal risk factors included: current weight and height; parental hip fracture; number of falls in the past 12 months (none/one/≥2); current use of cortisone/prednisone; rheumatoid arthritis; personal history of fracture since age 45 years; current cigarette smoking; and alcohol consumption ≥3 units/day. Rheumatoid arthritis was believed to be present if disease-modifying therapy (methotrexate and/or biologic therapies) was also reported. Women rated their self-perceived fracture risk compared with women of the same age using a five-point scale ranging from "much lower" to "much higher". Bone mineral density testing was not part of the GLOW protocol.
Follow-up questionnaires were sent at 1, 2, and 3 years enquiring about incident fractures, fracture site, and hospital treatment. Questionnaires were translated into five languages (French, Spanish, German, Italian, and Dutch). All data were collected by patient self-report. Data entry, verification, and management were uniform across all study sites. Completed questionnaires were sent to the central coordinating center; twice-yearly meetings with study site coordinators reviewed survey administration and ensured uniformity. For study sites using telephone follow-up in addition to mail, a standard telephone script was used and reviewed with each site to ensure consistency.
Statistical analysis
Women who had baseline data with continuous survey followup until either year 2 or 3 were analyzed if they had complete morbidity data, to avoid misclassification. Incident fractures occurring between baseline and 2 or 3 years of follow-up were analyzed. Self-perception of fracture risk is presented in three categories; "much or a little lower", "about the same" and "much or a little higher" than women of the same age.
Baseline lifestyle and demographic characteristics (age [categorized], body mass index [BMI] [categorized], menopause before age 45 years, fracture after age 45 years, current smoking, alcohol ≥3 units/day, fall within the last year, parental hip fracture, current glucocorticoid use, hospitalization within the last year, anxiety/depression, a previous diagnosis of osteoporosis) are presented as numbers and percentages. Skewed continuous descriptive data (FRAX 10-year fracture probability, SF-36 indices) are presented as medians with interquartile ranges.
Incident fracture rates are presented for each baseline morbidity; ischemic heart disease, COPD, osteoarthritis, Parkinson's disease, multiple sclerosis, rheumatoid arthritis, cerebrovascular event, ulcerative colitis or Crohn's disease (inflammatory bowel disease), celiac disease, cancer, type 1 diabetes mellitus, hypertension, and hypercholesterolemia. A cumulative morbidity index was generated by summing reported morbidities to quantify overlap in morbidities. Morbidities were also grouped by systems.
Unadjusted hazard ratios (HRs) and 95 % confidence intervals (CIs) are reported from fitting Cox regression models assessing the outcome (incident fracture over 3 years) according to; (1) each morbidity, (2) the morbidity index, and (3) grouped morbidities compared with morbidity-free women. Cox models were ordered by age, as fracture risk increases with age and self-perceived fracture risk is judged by participants in relation to women of the same age. Contributions to incident fracture risk were censored at fracture, loss-to-follow-up or termination of followup (3 years) in those free from fracture. No evidence of departure from proportionality was detected for any variable. The sensitivity and specificity of fracture risk perception were calculated for 3-year incident fracture. Kaplan-Meier estimates, unadjusted, and age-adjusted HRs for 3-year incident fracture rates were then stratified by the three categories of fracture risk perception. Interaction testing assessed whether the effect of each morbidity on incident fracture rate was modified by a woman's self-perceived fracture risk, i.e. testing whether there are some morbidities, associated with an overall increased fracture rate, in whom women with lower perceived risk have lower fracture rates, and women with higher perceived risk have higher fracture rates. All analyses were performed using SAS version 9.2 statistical software (SAS Institute Inc., Cary, NC, USA).
Results

Participant characteristics
A total of 60,393 women from 723 physician's practices were enrolled between October 2006 and February 2008. Approximately 25,000 came from eight sites and 274 practices in Europe; 28,000 from 255 practices in the USA, and almost 7,000 from 86 practices in Canada and Australia. At baseline, 43,832 (73 %) had complete morbidity data (Fig. 1) . Fracture outcomes were available in 43,699 (99.7 %) at 2-year follow-up and 43,606 (99.5 %) at 3-year follow-up.
Baseline characteristics are shown in Table 1 . Over three-quarters (n=33,689; 77 %) of the women were aged 55-74 years and 57 % (n=23,956) were overweight/obese (BMI≥25 kg/m 2 ). Nearly one quarter (n=9,759; 23 %) reported a prior fracture since age 45 years, with 8,742 (21 %) reporting an established diagnosis of osteoporosis. Only 215 (0.5 %) reported consuming ≥3 alcoholic drinks a day, and 8.4 % (n=3,683) admitted to currently smoking; 37 % reported a fall and 15 % reported overnight hospitalization within the previous year.
Morbidities and incident fracture rates Morbidities were common: 37,709 women (86 %) reported ≥1 morbidity ( Fig. 1 ), most commonly hypercholesterolemia (50 %) and hypertension (49 %) ( Table 2) . Overall, 31,369 (72 %) reported cardiovascular disease or a risk factor for ischemic heart disease, whereas only 223 (0.5 %), 272 (0.6 %), and 273 (0.6 %) reported Parkinson's disease, multiple sclerosis, and celiac disease, respectively. In total, 32 % had ≥3 morbidities.
Of the 43,832 women with morbidity data, 2,945 (6.8 %) sustained an incident fracture over 3 years. All morbidities were strongly associated with increased fracture rates ( Table 2 ). The highest fracture rate was observed in women with Parkinson's disease, with an almost four-fold increased fracture risk, followed by those women with multiple sclerosis. Cerebrovascular events approximately doubled the incident fracture rate, as did rheumatoid arthritis, celiac disease, inflammatory bowel disease, and COPD (Table 2) . Even hypercholesterolemia and hypertension were associated with an approximately 40 % increased 3-year incident fracture rate. Cumulative morbidities conferred a sequentially increasing incident fracture rate, with ≥4 morbidities associated with a doubling of fracture risk (Table 2) . After system grouping of morbidities, as shown in Table 2 , neurological diseases were associated with the highest fracture rates (Fig. 2) . Age-adjustment moderately attenuated most HRs (Table S1) , although all morbidities continued to confer increase fracture rates independent of age.
Morbidities and self-perceived fracture risk Overall, 36 % of women perceived their fracture risk as being "much or a little lower" than that of women of the same age, 46 % rated their risk "about the same," and 18 % as "much or a little higher". Amongst morbidity-free women, 43 % considered their risk to be "much or a little lower", and only 12 % thought their risk to be "much or a little higher" than women of the same age. All morbidities were strongly associated with increased self-perceived fracture risk (Table 3) . Women with multiple sclerosis, rheumatoid arthritis and celiac disease had the largest proportion of women with higher self-perceived risk.
Self-perceived fracture risk and incident fracture rates As self-perceived fracture risk increased, incident fracture rates also increased. Of note, women who perceived their fracture risk to be "about the same" as other women of the same age had a significant 20 % increased risk of fracture compared with those who perceived their risk to be "much or a little lower" (unadjusted HR 1.20 [95 % CI 1.10, 1.31] p<0.001) ( Table 2) , which was unattenuated by age-adjustment (Table S1 ), so that the age-adjusted fracture rate amongst women who perceived their risk to be "about the same" as women of the same age was HR 
• Diabetes mellitus (n=885) Complete morbidity data (n=43,832) Fig. 1 Study flow diagram. COPD chronic obstructive pulmonary disease women who perceived their risk to be 'much or a little higher' than women of the same age (Table S1 ). Only 29 % of women who reported an incident fracture perceived their fracture risk to be "much or a little higher" than average (sensitivity=844/2,887=29 %). Also, 83 % of women who were fracture-free at 3 years perceived their fracture risk to be "much or a little lower" or "about the same" as average (specificity=33,132/39,807=83 %).
Incident fracture rates by morbidity stratified by selfperceived fracture risk
In general, incident fracture rates were greater in all morbidity groups, compared with morbidity-free women when stratified by fracture risk perception; the exceptions being rheumatoid arthritis, Parkinson's disease and multiple sclerosis where samples sizes were small following stratification (Table 4) . For all morbidities women who perceived their fracture risk to be "much or a little lower" than average actually had increased rates of incident fracture compared with morbidity-free women. This was particularly apparent in Parkinson's disease ( When testing formally for interaction we found no evidence to support an interaction between any morbidity and selfperceived fracture risk, i.e., the increased fracture rate associated with each morbidity did not vary according to a woman's self-perceived risk. Only for celiac disease was there weak evidence (interaction p=0.07) that women with low perceived fracture risk had reduced incident fracture rates, and women with high perceived risk had increased incident fracture rates, compared with women with no morbidities.
When morbidities were grouped by system, the highest HR for incident fracture amongst women with low self-perceived fracture risk was seen in those with neurological diseases (HR 2.4 [1.7, 3.3]) (Table S2) , this persisted after age-adjustment (HR 1.9 [1.4, 2.6]). Overall age-adjustment partially attenuated HRs, but similar patterns persisted (Table S3 and S4).
Potential explanations for self-perceived fracture risk
Having detected such under-appreciation of incident fracture risk, we assessed associations between self-perceived fracture risk and key baseline characteristics. A greater proportion of women reporting a fall had perceived their fracture risk as "much or a little higher" than women without falls (49 vs. 18 %) (Table S5 ). However, 32 % of women who had fallen perceived their fracture risk to be "much or a little lower" than women of the same age, as did a surprising 18 % of women reporting a diagnosis of osteoporosis, 20 % reporting a bisphosphonate prescription and 22 % who had previously fractured (Table S5) . As expected, early menopause, hospitalization and severe anxiety/depression were associated with a higher self-perceived fracture risk, as shown by the higher percentages of these women with higher perceived fracture risk compared with all women (Table S5) .
Discussion
In our large, international, observational study, although increased self-perceived fracture risk was strongly associated with incident fracture rate, only 29 % of women experiencing a fracture had perceived their risk as "much or a little higher" than average at baseline. All morbidities assessed were associated with an increased rate of self-reported 3-year incident fracture. Accumulation of morbidities conveyed an incrementally increasing fracture risk. The highest 3-year fracture rate occurred in women reporting Parkinson's disease (21 %), followed by multiple sclerosis (15 %) and rheumatoid arthritis, cerebrovascular events, inflammatory bowel disease, and celiac disease (all 11 %). For all morbidities apart from celiac disease, women who perceived their fracture risk to be "much or a little lower" than average actually had increased rates of incident fracture; this was particularly evident amongst women with the neurological diseases Parkinson's disease, multiple sclerosis and previous stroke, both before and after age-adjustment. Overall, the increased fracture rates associated with each of the 14 morbidities, did not differ according to self-perceived fracture risk; meaning that none of the diseases studied were characterized by women with lower perceived risk having lower fracture rates, and women with higher perceived risk having higher fracture rates. The only possible exception being women with celiac disease in whom self-perceived fracture risk appeared to follow the 3-year incident fracture rates, although numbers were small. The explanation remains unclear, but may relate to the detailed education necessary to aid self-management of a gluten-free diet.
Self-perceived osteoporosis risk has been under-appreciated in Australian and US postmenopausal women [21, 22] ; and Canadian postmenopausal women have shown poor understanding of future osteoporosis and fracture risks, despite previous fragility fracture [23] . However, studies assessing selfperceived fracture risk are sparse. To the best of our knowledge, our study is the first to assess this according to morbidities, each associated with specific fracture rates. Our results extend earlier findings from GLOW obtained after 2-year follow-up [12] . The increased power achieved by 3-year follow-up likely aided identification of positive associations between hypertension, hypercholesterolemia, and cancer with fracture risk, not seen in longitudinal analyses of shorter duration [12] .
Our findings of high incident fractures rates among women with neurological disease are consistent with previous studies [6, 11, 24] , in which reduced physical activity, frequent falls, decreased sunlight exposure, lower dietary calcium and vitamin D, and iatrogenic consequences of polypharmacy may all contribute to increased fracture risk [25, 26] . While all three neurological conditions are highlighted as risk factors for fracture in the US Surgeon General's report 2004 [27] , currently, the American Academy of Neurology clinical practice guidelines for the management of Parkinson's disease, multiple sclerosis, stroke (and falls) do not mention fracture/osteoporosis risk assessment [28] [29] [30] . This is also the case for the 2012 Canadian Parkinson's disease guidelines [31] ; and the English National Institute for Health and Clinical Excellent (NICE) stroke pathway [32] does not include assessment of bone health. NICE Parkinson's disease guidance acknowledges fracture as a potential non-motor complication and includes an appendix reference to NICE falls guidance with mention of optional osteoporosis risk assessment [33] . While NICE and Australian multiple sclerosis guidelines mention increased osteoporosis risk, no management suggestions are provided [34, 35] . The high incident fracture rates with low self-awareness observed in women with neurological diseases may in part be explained by the apparent absence of bone health assessment from key national guidelines.
Aside from neurological diseases, rheumatoid arthritis, inflammatory bowel disease, celiac disease, and COPD conferred some of the higher incident fracture rates. By comparison, the need for regular osteoporosis assessment and management in Fig. 2 Unadjusted KaplanMeier 3-year incident fracture rate estimates by grouped morbidities. Superscript letter a denotes Parkinson's disease, multiple sclerosis, cerebrovascular event; superscript letter b denotes inflammatory bowel disease, celiac disease; superscript letter c denotes osteoarthritis, rheumatoid arthritis; superscript letter d denotes COPD, asthma; superscript letter e denotes type 1 diabetes mellitus, hypertension, hypercholesterolemia, ischemic heart disease these conditions is well established [36] [37] [38] [39] [40] [41] [42] [43] . However, responsibility for managing patients with chronic diseases lies with both primary and secondary care physicians, and it is possible to fall between the two [44, 45] . Under-appreciation of fracture risk by women with rheumatoid arthritis may be explained by rheumatologists, attentive towards bone health, giving false reassurance. Disturbingly, 32 % of women who reported falls, 22 % prior fracture, and 20 % reporting a bisphosphonate prescription, perceived their fracture risk as below average for their age. Understanding of the influences governing selfperceived fracture risk (and osteoporosis risk) is limited; however, it is possible prescription of osteoporosis medications may give false reassurance. In qualitative telephone interviews from 127 Canadians, mean age 68 years, communication from healthcare providers appeared to be the dominant influence [46] . However, the information provided and its interpretation was highly variable. Misperceptions, e.g., by "being careful" fracture risk is negated, were also evident. Perception of risk is a subjective judgment. Risk as a concept is a measure of uncertainty, which may derive from lack of knowledge; on this premise, patient education should improve fracture risk perception. Unfortunately, there is no evidence-based target for "appropriate" fracture risk perception; however, reporting findings from a large real-life cohort, increases awareness, and ultimately may educate and empower patients.
Limitations
Educational and cultural differences are likely to influence fracture risk perception. Unfortunately, ethnicity data were not collected in GLOW, except in the USA and Canada, where 86 % were white, non-Hispanic [12] . Education data were collected; however, heterogeneity between educational systems prevented derivation of one combined variable. Insufficient details regarding morbidity severity and symptoms were collected, prohibiting use of established morbidity indices; hence a simple disease count was employed [47] . Although loss-to-follow-up was minimal, we lacked access to vital statistics to determine death (including by fracture) outcomes. Incident fractures were reported, but osteoporotic fractures specifically could not be identified. Characteristics associated with morbidity were as expected, barring smoking and alcohol intake, which are both anticipated to have strong associations with morbidity, but are frequently under-reported in epidemiological studies [48] . Type 1, but not type 2 diabetes mellitus was reported, risking misclassification. Furthermore, self-reported data are subject to recall bias. However, self-report aids efficiency and methodological consistency, facilitating a very large sample collection and maximizing power for a relatively infrequent fracture outcome. Self-reported fractures were not validated radiologically. However, self-report has been shown to be reasonably reliable for fracture [49, 50] . Standardized administration reduces noncomparability and variation in data quality, which would arise if using medical records and public healthcare databases from several different countries. Furthermore, self-report may be preferable to data abstraction from medical records, given inconsistencies in record keeping between physicians, study regions, and countries. Primary care records may also miss specialist-initiated treatments. GLOW participants may not represent their national populations. Morbidities may be over-represented, as participants had attended their physician within the preceding 24-months. Health-seeking behavior may bias towards participation. Conversely, severe/end-stage morbidities potentially with high fracture risk, may be under-represented, as such women may have been unable to complete the study questionnaire due to cognitive impairment, institutionalization, or if too unwell, were excluded. These selection biases limit generalizability. Our multiple sclerosis prevalence of 0.6 % exceeds that in the general population [51] , whereas the prevalence of rheumatoid arthritis (0.8 %) and Parkinson's disease (0.5 %) are consistent with published US and European estimates [52] [53] [54] [55] . Contemporaneous US data (NHANES 2007-08) [56] from non-Hispanic white women aged ≥20 years estimated hypertension prevalence as 28.7 % which, in a younger population, is also consistent with our findings.
Conclusions
Taken together, these results, collected across Europe, North America, and Australasia, suggest that women under-appreciate their fracture risk, and having a condition that increases incident fracture risk does not appear to adequately influence their perception. There is a widespread under-appreciation of this fracture risk, even in women reporting neurological disease in whom fracture rates are highest. This has important implications for health education. Our findings support: updating of guidelines, particularly in relation to neurological diseases (Parkinson's disease, multiple sclerosis, and stroke); prompting fracture risk assessment by non-bone specialists, including primary care physicians; patient education in relation to bone health; and raising awareness among patient societies.
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